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(57)Abstract: 

PURPOSE: To obtain the subject resin curable with active energy rays, having the 
various characteristics required as a resin for photochemical molding and containing, as 
essential components, a cationically polymerizable organic compound curable with energy 
rays and an energy rays -sensitive cationic polymerization initiator. 
CONSTITUTION: A composition containing, as essential components, (A) a cationically 
polymerizable organic compound curable with energy rays (e.g., 3,4- 

epoxycyclohexy!methyl-3,4-epoxycyclohexane carboxylate or trimethylene oxide) and (B) 
an energy rays-sensitive cationic polymerization initiator, preferably in an amount of 
0.5W7pts.wt. based on 100pts.wt. of the organic compound (A). For example, a compound 
of the formula (Z is S, Te. halogen, etc.; R1WR4 are each organic groups; aWd are each 
valence number of 0W3 which satisfies a+b+c+d=Z; M is (semi)metal; X is halogen; m is 

net charge of halide complex ion; n is number of halogen atoms) is preferably used as said (R^R^R'cR 4 *^** CH&»*» 3~ :P 
polymerization initiator (B). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation 

may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The energy-line hardenability cationic polymerization nature 
organic substance which contains the alicycle group epoxy resin which 
has (a) cyclohexene oxide structure more than at least 50% (weight 
criteria) as an indispensable component, the resin constituent for 
optical molding characterized by containing (b) energy-line 
susceptibility cationic initiator. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Industrial Application] 

this invention relates to the activity money RUGI line hardening type 
resin constituent for optical molding. It is related with the energy-line 
hardenability cationic polymerization nature organic substance which 
contains the alicycle group epoxy resin which has cyclohexene oxide 
structure as an indispensable component in detail more than at least 
50% (weight criteria), and the constituent for activity energy-line 
hardening type optical molding characterized by containing an energy- 
line susceptibility cationic initiator. 
[Description of the Prior Art] 

manufacture of the model corresponding to the product configuration 
generally needed at the time of mold manufacture, the object for the 
copying controls of cutting, or the model for **** electron discharge 
method electrodes — manual processing — or it was performed by 
NC cutting using NC milling machine etc. 

However, when based on manual processing, there is a problem of 
requiring much time and effort and skill, and when based on NC 
cutting, while making the complicated machining program in 
consideration of exchange, wear, etc. for cutter edge-of-a-blade 
configuration change, in order to remove the stage produced in the 
processing side, the problem that finish-machining may be needed 
further is also, recently, the trouble of the conventional technology of 
these is canceled and the ED about the new technique of generating 
the object for mold manufacture, the object for copying, and the 
complicated model and the various fixed form objects for **** 
electron discharge methods by the optical molding method is expected 

Various properties, such as that the hardening sensitivity by the 
energy line is excellent as an optical molding resin, that the 
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ultraviolet-rays permeability after hardening is good, that it is 
hypoviscosity, that gamma characteristics are large, that the rate of a 
volumetric shrinkage at the time of hardening is small, that a self- 
adhesive property is good, and hardening under oxygen atmosphere, 
are required. 

Although there is a radical polymerization nature resin constituent 
conventionally as a resin for optical molding and the photopolymer 
which made the principal component polyester acrylate, urethane 
acrylate, epoxy acrylate, polyether acrylate, etc. is known from the 
former As a resin for engineering molding from the problem with the 
large contraction at the time of hardening from which a reaction is 
prevented by the oxygen in air for a radical polymerization that energy 
sensitivity has skin irritation in a low and a hypoviscosity resin etc., it 
is lacking in practicality. 

[The means for solving a technical problem] 

this invention is found out as a result of examining wholeheartedly the 
photopolymer which has many of various kinds of properties demanded 
as an engineering molding resin to apply. 

The purpose of this invention is to offer the optimal resin constituent 
for the optical molding system by the activity energy line. 
The resin constituent for optical molding of this invention makes the 
energy-line hardenability cationic polymerization nature organic 
substance and (b) energy-line susceptibility cationic initiator which 
contain the alicycle group epoxy resin which has (a) cyclohexene 
oxide structure more than at least 50% (weight criteria) as an 
indispensable component contain. That is, since the optical molding 
resin constituent of this invention is an energy-line hardenability 
cationic polymerization type resin constituent, the hardening reaction 
by the activity energy line is not influenced at all by the oxygen in air, 
and its sensitivity is very high. Moreover, since the volumetric 
shrinkage at the time of hardening can be made small, while the 
molding object which was very excellent in precision is obtained, since 
a hypoviscosity resin constituent is obtained easily, shortening of 
imaging time is attained. 

Under existence of an energy-line susceptibility cationic initiator, by 
energy-line irradiation, the energy-line hardenability cationic 
polymerization nature organic substance (a) which contains the 
alicycle group epoxy resin which has the cyclohexene oxide structure 
used as the component of this invention constituent more than at 
least 50% (weight criteria) is macromolecule-izing or a cation nature 
polymerization nature compound which carries out crosslinking 
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reaction, and shows a good property in respect of cationic 
polymerization reactivity, hypoviscosity-izing, a diactinism, thick-film 
hardenability, the rate of a volumetric shrinkage, etc. 
As the example of representation of the alicycle group epoxy resin 
which has cyclohexene oxide structure 3, 4-epoxycyclohexyl methyl - 
3, 4-epoxy cyclohexane carboxylate, A 2-(3, 4-epoxycyclohexyl -5, 5- 
spiro -3, 4-epoxy) cyclohexane-meta-dioxane, A screw (3, 4- 
epoxycyclohexyl methyl) horse mackerel peat, vinylcyclohexene 
dioxide, 4-vinyl epoxy cyclohexane, a screw (3, 4-epoxy-6-methyl 
cyclohexyl methyl) horse mackerel peat, 3, 4-epoxy-6-methyl 
cyclohexyl -3, 4-epoxy-6-methylcyclohexane carboxylate, A 
methylene screw (3, 4-epoxy cyclohexane), dicyclopentadiene 
diepoxide, the JI (3, 4-epoxycyclohexyl methyl) ether of ethylene 
glycol, an ethylene screw (3, 4-epoxy cyclohexane carboxylate), etc. 
are mentioned. 

In this invention, it has the property which was excellent as a resin 
constituent for optical molding of this invention by using what 
contains the alicycle group epoxy resin which has the above- 
mentioned cyclohexene oxide structure as a cation nature 
polymerization nature organic substance of an indispensable 
component more than at least 50% (weight criteria). 
In addition, although what [ especially ] is usable as an energy-line 
hardenability cationic polymerization nature organic substance (a) is 
not limited, what consists of one sort or two sorts or more of mixture, 
such as an epoxy compound, a cyclic ether compound, an annular 
lactone compound, an annular acetal compound, an annular thioether 
compound, a SUPIRO orthochromatic ester compound, and a vinyl 
compound, for example is mentioned. The compound which has at 
least one or more epoxy groups in 1 molecule also in this cationic 
polymerization nature compound is desirable, for example, alicycle 
group epoxy resins other than the alicycle group epoxy resin which 
has a well-known aromatic epoxy resin and the above-mentioned 
cyclohexene oxide structure conventionally, and an aliphatic epoxy 
resin are mentioned. The glycidyl ether and the epoxy novolak resin 
which a thing desirable as an aromatic epoxy resin is the polyhydric 
phenol which has at least one nucleus, or poly glycidyl ether of the 
alkylene oxide adduct, for example, are manufactured by the reaction 
of bisphenol A, or its alkylene oxide adduct and epichlorohydrin are 
mentioned here. Moreover, the cyclopentene oxide content compound 
obtained by epoxidating the poly glycidyl ether of polyhydric alcohol or 
the cyclopentene ring content compound which has at least one 
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alicycle **** by suitable oxidizers, such as a hydrogen peroxide and a 
peroxy acid, as a thing desirable as an alicycle group epoxy resin is 
mentioned. As an example of representation of an alicycle group epoxy 
resin, hydrogenation bisphenol A diglycidyl ether, epoxy 
hexahydrophthalic acid dioctyl, and epoxy hexahydrophthalic acid G 2- 
ethylhexyl etc. is mentioned. 

The still more desirable thing as an aliphatic epoxy resin, Aliphatic 
polyhydric alcohol or the poly glycidyl ether of the alkylene oxide 
addition product, The poly glycidyl ester of aliphatic long-chain 
polybasic acid, the homopolymer of glycidyl acrylate or glycidyl 
methacrylate, There is a copolymer etc. as the example of 
representation 1 , the diglycidyl ether of 4-butanediol, The diglycidyl 
ether of 1 and 6-hexandiol, the triglycidyl ether of a glycerol, The 
triglycidyl ether of a trimethylol propane, the diglycidyl ether of a 
polyethylene glycol, The diglycidyl ether of a polypropylene glycol, 
ethylene glycol, The poly glycidyl ether of the polyether polyol 
obtained by adding one sort or two sorts or more of alkylene oxide to 
aliphatic polyhydric alcohol, such as a propylene glycol and a glycerol, 
and the diglycidyl ester of an aliphatic long-chain dibasic acid are 
mentioned. The monoglycidyl ether of the polyether alcohol obtained 
by furthermore adding alkylene oxide to monoglycidyl ether and the 
phenol of aliphatic higher alcohol, cresol, butylphenol, or these, the 
glycidyl ester of a higher fatty acid, epoxidation soybean oil, an epoxy 
butyl stearate, an epoxy stearin acid octyl, an epoxidation AMANI oil, 
an epoxidation polybutadiene, etc. are mentioned. 
As the example of cationic polymerization nature organic substances 
other than an epoxy compound Oxetane compounds, such as 
trimethylene oxide, 3, and 3-dimethyl oxetane, 3, and 3-dichloro 
methyl oxetane; A tetrahydrofuran, 2, an oxo run compound like 3- 
dimethyl tetrahydrofuran; A trioxane, 1 , 3-dioxolane, 1 and 3, an 
annular acetal compound like 6-trioxane cyclooctane; A beta 
propiolactone, An annular lactone compound like epsilon-caprolactone; 
An ethylene sulfide, A thiirane compound like 1 , 2-propylene sulfide, 
and thio epichlorohydrin; 1, 3-propyne sulfide, A thiethane compound 
like 3 and 3-dimethyl thiethane; Ethylene glycol vinyl ether, The 
polyalkylene glycol divinyl ether, alkyl vinyl ether, The SUPIRO 
orthochromatic ester compound obtained by the reaction of the vinyl 
ether compound; epoxy compound and lactone like a 3 and 4- 
dihydropyran-2-methyl (3, 4-dihydropyran-2~carboxylate); A vinyl 
cyclohexane, an isobutylene, The derivative of an ethylene nature 
unsaturated compound like a polybutadiene and the above-mentioned 
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compound is mentioned. 

These cationic polymerization nature compounds can be used 
according to independent or the performance of a request of two or 
more sorts of things, blending them. 

The energy-line susceptibility cationic initiator (b) used by this 
invention is the compound which can emit the matter which makes 
cationic polymerization start by energy-line irradiation, and especially 
a desirable thing is a group's of the double salt which is an onium salt 
which emits the Lewis acid which has polymerization start ability by 
irradiation. 

The typical thing of this compound is [ those with onium ** and Z of a 
cation ] S, Se, Te, P, As, Sb, Bi, O, a halogen (for example, I, Br, CI), 
and N**N among a general formula [R1 aR2bR3cR4dZ]+m[MXn+m]-m 
[formula, and R1 , R2, R3, and R4 are the organic bases which may 
differ even if the same, a, b, c, and d are the plurality of 0-3, 
respectively, and a+b+c+d is equal to the valence of Z. M is the metal 
or semimetal (metalloid) which is the neutral atom of a halogenide 
complex, and is B, P, As, Sb, Fe, Sn, Bi, aluminum, calcium, In, Ti, Zn, 
Sc, V, Cr, Mn, Co, etc. X is a halogen, m is the charge of the net of 
halogenide complex ion, and n is the valence of M. 
As an example of anion MXn+m of the above-mentioned general 
formula, tetrafluoroborate (BF4-), hexafluorophosphate (PF6-), 
hexafluoroantimonate (SbF6~), hexafluoroarsenate (AsF6~), hexa 
chloro antimonate (SbCI6~), etc. are mentioned. 
Furthermore, the anion of general formula MXn (OH) - can also be 
used. Moreover, as other anions, perchloric acid ion (CI04-), a 
trifluoromethyl sulfite ion (CF3S03-), fluorosulfonic acid ion (FS03-), 
a toluenesulfonic acid anion, a trinitro benzenesulfonic-acid anion, etc. 
are mentioned. 

Let an aromatic onium salt be a cationic initiator also especially in 
such an onium salt. It is effective especially to use it. especially 
JP,50-151996,A, An aromatic halo NIUMU salt given in JP,50- 
158680.A etc., JP.50-1 51 997.A, A VIA group aromatic onium salt given 
in JP,52-30899,A, JP,56-55420,A, JP,55-125105,A, etc., VA group 
aromatic onium salt given in JP.50-1 58698.A etc., An oxo sulfoxonium 
salt given in JP,56-8428,A, JP.56-149402.A, JP,57-192429,A, etc., 
Thio pyrylium salt given in aromatic diazonium salt given in JP.49- 
17040,B etc., a U.S. Pat. No. 4139655 specification, etc. is desirable. 
Moreover, an aluminum complex / photolysis silicon compound system 
initiator is mentioned. 

To this cationic initiator, photosensitizers, such as a benzophenone, 
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benzoin iso-propyl ether, and a thioxan ton, can also be used together. 

the energy-line hardenability cationic polymerization nature (organic 
substance a) 100 weight section which contains the alicycle group 
epoxy resin in which the energy-line susceptibility cationic initiator (b) 
in the constituent of this invention generally has cyclohexene oxide 
structure more than at least 50% (weight criteria) — receiving — 0.1 - 
1 5 weight section — it can contain in the range of 0.5 - 7 weight 
section preferably 

the resin constituent for optical molding of this invention does not 
spoil the effect of this invention — restricting — the need — 
responding — bulking agents, such as various resin additives, such as 
coloring agents, such as radical polymerization nature container 
matter other than the cationic polymerization nature organic 
substance of the above-mentioned publication, a heat sensitivity 
polymerization initiator, a pigment, and a color, a defoaming agent, a 
leveling agent, a thickener, a flame retarder, and an antioxidant, a 
silica, a glass powder, ceramic powder, and a metal powder, the resin 
for reforming, etc. — optimum dose combination — It can be used. As 
a radical polymerization nature organic substance, acrylate system 
resins, such as epoxy acrylate, urethane acrylate, polyester acrylate, 
and polyether acrylate, are mentioned, for example. As a heat 
sensitivity polymerization initiator, JP.57-4961 3,A and aliphatic onium 
salts given in JP.58-37004.A are mentioned, for example, 
as the viscosity of this invention constituent — desirable — ordinary 
temperature — a thing 2000cps or less — it is a thing 1000cps or 
less still more preferably Since the duration of model molding will 
become long if viscosity becomes not much high, there is an 
inclination for workability to become bad. Since the resin constituent 
for molding generally carries out a volumetric shrinkage at the time of 
hardening, the small thing of contraction is demanded from the point 
of precision. As a rate of a volumetric shrinkage at the time of 
hardening of this invention constituent, it is 3% or less of thing still 
more preferably 5% or less preferably. 

As a concrete practice of this invention, the optical molding resin 
constituent of this invention is held in a container, and the solid-state 
of a request configuration can be formed by supplying an activity 
energy line required for hardening alternatively from this transparent 
material, inserting a transparent material and moving the 
aforementioned container and this transparent material relatively into 
this resin constituent, as indicated by JP.60-24751 5,A. As an activity 
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energy line used in case this invention constituent is hardened, 
ultraviolet rays, an electron ray, an X-ray, radiation, or a RF can be 
used. Also among these, the ultraviolet rays which have the 
wavelength of 1800-5000A are economically desirable, and ultraviolet- 
rays laser, a mercury lamp, a xenon lamp, a sodium lamp, an alkali- 
metal lamp, etc. can be used as the light source. It is possible to be a 
laser light source as the desirable light source, to raise an energy 
level, to shorten molding time, and to raise molding precision 
especially, using good condensing nature. Moreover, the point light 
source which condensed the ultraviolet rays from various lamps, such 
as a mercury lamp, is also effective. Furthermore, in order to supply 
alternatively an activity money RUGI line required for hardening to this 
resin constituent, it is. The two or more flux of lights to which the 
double precision of wavelength suitable for hardening of this resin 
constituent carries out equality, and it is, and has wavelength, and the 
phase was equal can be irradiated so that it may cross mutually in this 
resin constituent, an energy line required for hardening of this resin 
constituent can be obtained by two-photon absorption, and it can also 
carry out by moving in the intersection part of this light. The flux of 
light to which the aforementioned phase was equal can be acquired by 
the laser beam. 

In order that hardening may progress by the cationic polymerization 
reaction according [ this invention constituent ] to an activity energy 
line Depending on the kind of cationic polymerization nature organic 
substance to be used, by heating this resin constituent at about 30- 
100 degrees C at the time of activity energy-line irradiation, a bridge 
formation hardening reaction can also be promoted effectively and the 
molding object which excelled [ heat-treat / the molding object 
obtained by carrying out energy-line irradiation further / in 
temperature of 40-100 degrees C ] in mechanical strength more can 
also be obtained. 

Industrial value — the optical molding resin constituent of this 
invention excels for creating a three-dimensions solid model by the 
pile of a stratified formation object very much, generating processing 
of a model can do it without using metal mold, and moreover, all 
configurations can generate with high precision by docking to 
CAD/CAM, such as a sculptured surface — is very large. For example, 
it can use for broad uses, such as a model for copying for 
manufacturing the pattern for manufacturing the model for confirming 
un-arranging [ of the model for examining an appearance design in the 
middle of a design, and the combination between parts ] as an 
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applicable field of this resin constituent, and mold, and metal mold. 
[Example] 

Hereafter, this invention is not restrained by the following examples 
although an example explains still more concretely about the typical 
example of this invention. The "section" means the weight section 
among an example. 

Example 1 The cationic polymerization nature organic substance 100 
section and the energy-line susceptibility cationic-initiator screw [4- 
(diphenyl SURUHONIO) phenyl] sulfide BISUJI hexafluoroantimonate 2 
section which consist of the 3, 4-epoxycyclohexyl methyl -3, 4-epoxy 
cyclohexane carboxylate 80 section, 1, and 4-butanediol diglycidyl 
ether 20 section were often mixed, and the resin constituent for 
molding of hypoviscosity (160cps) was obtained. The molding 
experiment system which consists of control sections which make 
main the three-dimensions NC (numerical control) table which carried 
the container into which a resin constituent is put, a helium cadmium 
laser (wavelength of 325nm) and optical system, and a personal 
computer was used, and the cylinder with the diameter of 12nm, a 
height [ of 15mm ], and a thickness of 0.5mm was molded from this 
resin constituent. This molding object did not have distortion, its 
molding precision was very high, and mechanical strength and the 
degree of hardness were excellent. 

Example 2 The energy-line polymerization initiator triphenylsulfonium 
hexafluoroantimonate 1 .5 section was often mixed with the cationic 
polymerization nature organic substance which consists of the 
bisphenol A diglycidyl ether 30 section, 3, 4-epoxycyclohexyl methyl - 
3, the 4-epoxy cyclohexane carboxylate 60 section, and the 
vinylcyclohexene dioxide 10 section, and the uniform resin constituent 
for optical molding was obtained. When the molding object of the 
shape of a complicated cone was created by the laser beam molding 
experiment system shown in the example 1 , warming this constituent 
at 60 degrees C, this resin constituent showed the molding nature 
which was excellent in the hardenability by the laser beam, and was 
excellent in precision and mechanical strength. 
In order to measure the cure rate by laser, when the time which 
molding takes was measured, they were 30 minutes and a short time. 
Example 1 of comparison The energy-line polymerization initiator 
triphenylsulfonium hexa FURUO antimonate 1.5 section was often 
mixed with the cationic polymerization nature organic substance which 
consists of the bisphenol A diglycidyl ether 65 section, 3, 4- 
epoxycyclohexyl methyl -3, the 4-epoxy cyclohexane carboxylate 30 
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section, and the vinylcyclohexene dioxide 5 section, and the uniform 
resin constituent for optical molding was obtained. Although this resin 
constituent showed the molding nature which was excellent in 
precision and mechanical strength when the molding object of the 
shape of a complicated cone was created by the laser beam molding 
experiment system shown in the example 1, warming this constituent 
at 60 degrees C, the cure rate by laser is 120 minutes, and molding 
took the long time to it, and it was inferior in the hardenability by the 
laser beam. 

Example 3 3, 4-epoxycyclohexyl methyl -3, the 4-epoxy cyclohexane 
carboxylate 85 section, the dipentaerythritol hexaacrylate 15 section, 
the triphenylsulfonium hexafluoroantimonate 3 section, and the 
benzophenone 1 section were mixed enough, and the resin constituent 
for engineering molding was obtained. When the cop-like molding 
object was created from this constituent using the molding experiment 
system shown in the example 1 , there is no distortion and what was 
excellent in molding precision was obtained. 
Example 2 of comparison The energy-line hardenability radical 
polymerization resin constituent was obtained from the polyester 
acrylate 70 section, the trimethylolpropane triacrylate 30 section, and 
the isobutyl benzoin ether 3 section. When the cylinder creation test 
by the molding experiment system same with having been shown in 
the example 1 using this constituent was performed, the hardening 
sensitivity by the laser beam was bad, and the molding duration was a 
long time. Moreover, the distortion by big hardening contraction 
occurred, molding precision was inferior in the obtained molding 
object, and its mechanical strength was weak. 



[Translation done.] 
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